Abstract: A gene product with an apparent molecular mass of approximately 39000 Da can be identified in the cytoplasmic membrane of Escherichia coli upon expression of cloned envC. In this communication we report that the product was labelled with [3H]glycerol and [3H]palmitic acid, and a precursor molecule of increased molecular mass was accumulated when cells were treated with globomycin, a specific inhibitor for the prolipoprotein signal peptidase. The same precursor molecule was encoded by an envC mutant gene, in which the eysteine residue in a pentapeptide sequence, Leu-Ile-Ala-Gly-Cys 24 within the amino terminal region of EnvC, was replaced by tryptophane (Trp24). This protein was not labelled with [3H]glycerol. The results demonstrate that the envC gene product represents a new lipoprotein of the cytoplasmic membrane of E. coli.
Introduction
The cell cycle of Escherichia coil is a process that requires the participation of a large number of genes. The envC gene is thought to be required for septum formation during the process of cell division [1, 3] . The only known envC mutation, observed in E. coli strain PM61 isolated by Rodolakis et al. [1] , induces a number of phenotypic anomalies [2, 3] . Recently we have cloned and sequenced the structural genes of the envCD operon [2, 3] , which complement the phenotypic defects associated with the mutation in the envC gene of PM61, and determined their locations on the Kohara physical map of the E. coli chromo- some [4] . Up to now, the predicted 104-kDa product of the envD gene could not be detected in E. coli. In contrast, the EnvC protein was identified in the cytoplasmic membrane of E. coli [3] . It has been shown previously that the envC gene product is synthesized as a precursor (42 kDa), and that after removal of 22 amino acid residues from its amino terminus, it is processed to the mature form with a molecular mass of 39 kDa [3] . Examination of the primary structure of the EnvC protein revealed the existence of the amino acid sequence Leu-Ile-Ala-Gly-Cys at positions 20-24 [3] , a sequence quite similar to the consensus sequence Leu-Leu-Ala-Gly-Cys [5] , required for modification and processing of bacterial lipoproteins [6] .
Lipoproteins are synthesized as precursors with a signal peptide linked to the amino termini. This signal peptide is cleaved by a lipoprotein-specific signal peptidase (SPase II) [7] , which requires the lipid modification at the amino terminal cysteine residue. SPase II is specifically inhibited by the peptide antibiotic globomycin [8] .
In the present study we demonstrate that EnvC is a new lipoprotein of the cytoplasmic membrane of E. coli. We describe its similarities to other lipoproteins of this organism [6] as revealed by in vivo radioisotopic labelling, guided site-specific mutagenesis of the gene and by the effect of the peptide antibiotic globomycin on its formation.
Materials and Methods

Bacterial strain and plasmids
E. coli ER1562 (F-Lambda-endA1 thi-1 supE44 hsdR2 mcrB1 mcrA1272::Tn10) [9] was used in all experiments. Cells were cultured at 37°C with shaking. For genetic experiments and preparation of cells, LB medium [10] was used. M9 minimal medium [10] supplemented with 1% casamino acids, 0.4% glucose and 4/zg thiamine per ml was employed for labelling experiments. Kanamycin (40 /zg m1-1) was added for growth with plasmids pJK129, pJK133 [2, 3] , and pJKS133.
Reagents
Globomycin was a generous gift from Sankyo Co., Tokyo, through Dr. M. Inukai. Radiochemicals used in the present study included [9,10- 
Oligonucleotide-directed site-specific mutagenesis
To construct a mutant envC gene, with Cys 24 converted into Trp 24 in the consensus pentapeptide sequence Leu-Ile-Ala-Gly-Cys 24, we cloned a 1.2-kb HindIII-ClaI fragment of plasmid pJK129, encoding the signal peptide and the amino terminus of mature EnvC protein, into the corresponding sites of M13mp18. The Amersham in vitro mutagenesis system, version 2.1, was used to create the desired amino acid exchange from the Cys codon TGT to the Trp codon TGG. Additionally, the primer (> 5'-GGCTTTAATCGCCGGA-TGGAACGATAAGGGAGAAG-3') was designed in a way that the two nucleotides exchange resulted in formation of a FokI restriction site, useful for rapid identification of the mutation. A 957-bp AccI-BstEII DNA fragment from the mutagenized M13mpl8 envC derivative was cloned into the corresponding sites of pJK133 [3] . This plasmid, which is deleted for the majority of the structural envD gene, still contains a functional envC gene and was used to exchange wildtype and mutated envC gene. The resulting plasmid, designated pJKS133, carried the desired mutation which was finally proofed by DNA sequence analysis (data not shown).
Labelling experiments
In general, a 50-ml culture of strain ER1562 harboring plasmid pJK129, or pJK133 or pJKS133 was grown at 37°C with vigorous shaking. At the early logarithmic phase of growth (A600n m of 0.2-0.3), a 5-ml portion was labelled with either 250 /xCi [3H]palmitic acid or [3H]glycerol for an additional 3 h. For examining the effect of globomycin on the incorporation of labelled compounds, ceils were treated with globomycin (40 ~g m1-1 final concentration) 30 min prior to labelling. At this concentration, a reduced growth rate could be observed (data not shown). The labelled cells were chilled on ice, harvested by centrifugation and washed once with sodium phosphate buffer (10 mM, pH 7.2). Cell envelopes were extracted with Sarkosyl following the procedure of Filip et al. [11] with following modifications. Washed cells were suspended in 0.5 ml phosphate buffer and sonicated on ice (up to 4 sonication periods of 15 s, interrupted by intervals of 1 min). Unbroken cells and debris were removed by centrifugation in an Eppendorf centrifuge for 2 min, and the supernatant was centrifuged in a Heraeus Biofuge 28 RS at 51000 ×g for 45 min at 2°C. The membrane pellet was washed twice with phosphate buffer and then suspended in 30 /zl of 0.5% sodium N-lauroyl sarcosinate (Sarkosyl NL97, Serva, Heidelberg, FRG) and kept at room temperature for 30 min. The cytoplasmic membrane (Sarkosyl-soluble fraction) was separated from the outer membrane (Sarkosyl-insoluble fraction) by centrifugation at 51000 x g for 1 h at 2°C. The envelope fractions were analysed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) [12] and stained with Coomassie brilliant blue. Gels containing 3H-labelled samples were fixed with 7% acetic acid in 40% methanol and treated with Enlightning TM (DuPont-NEN Research Products, Boston, MA) for fluorography. Dried gels were exposed to Kodak X-Omat film at -70°C for 3-5 days. [kDa]
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Results and Discussion
The sequence of the extreme amino terminus of the EnvC protein resembles those of signal peptides of lipoproteins, in which the amino terminal cysteine residue situated immediately after the signal peptide cleavage site is fatty acylated. Cells carrying the structural genes of the envCD operon, cloned in pJK129, were labelled with [3H]palmitic acid and [3H]glycerol and cytoplasmic membrane fractions were analysed by SDS-PAGE. Figure 1A shows that expression of envC resulted in the synthesis of a 39-kDa protein that was strongly labelled by [3H]palmitic acid as well as [ 3H]glycerol.
Considering that EnvC might be a lipoprotein, we investigated if processing of the precursor was 42 kDa corresponded to the in vitro translation product described by Klein et al. [3] . Thus, we conclude that this protein, henceforth called preEnvC, was the primary transcript of the envC gene.
For further proof that the cysteine residue of mature EnvC is modified with glycerol, mutant envC gene was constructed on plasmid pJKS133. It has been reported that replacement of the Cys 21 with Gly 21 in the consensus sequence LeuAla-Gly-Cys 21 of the E. coli prolipoprotein results in the synthesis of an unmodified and unprocessed precursor form of lipoprotein [13] . We tried to give evidence that this is also the case for EnvC (Fig. 1A) . As expected, the mutant precursor was not modified with [3H]glycerol and subsequently remained uncleaved. Radioactivity was only incorporated into the mature protein encoded by pJK133. The non-labelled mutant protein was exclusively localized in the cytoplasmic membrane, as could be observed after staining of gels with Coomassie brilliant blue (Fig. 1B) . In SDS-PAGE, the in vivo synthesized mutant EnvC and the wild-type pre-EnvC, detectable in the presence of globomycin, have identical mobilities.
From these results we conclude that EnvC is synthesized as a precursor molecule, modified with fatty acids and processed by SPase II. Finally it is anchored as mature lipoprotein in the E. coli inner membrane similar to other E. coli lipoproteins. These conclusions are supported by the following observations. As already shown previously [3] , the envC product contains only two domains of moderate hydrophobicity. Therefore, the protein might be retained in the inner membrane by its amino terminal lipid moiety. The hydrophobic regions may function as stop-transfer signals, anchoring the protein in the inner membrane as described previously for other lipoproteins [5] . It has been reported that the precise location of lipoproteins is determined by the second or third amino acid residue following the signal peptide processing site [5, 14] . According to the studies of Bouvier et al. [15] , lipoproteins with an aspartate residue at position + 2 or possibly + 3 after the cysteine residue are located in the cytoplasmic membrane. This also was the case for the EnvC lipoprotein.
